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Abstract 
Purpose: Efforts to evaluate and improve components of the Doctor of Pharmacy program at the UNC 
Eshelman School of Pharmacy are an ongoing part of its curricular transformation. Molecular 
Foundations of Drug Action (MFDA) is a transformed first-semester course delivering pharmaceutical 
science and clinical application activities using a flipped-classroom model: pre-class preparation involves 
watching video lectures and in-class time is spent on concept clarification and problem-solving. The 
focus of this project was differentiation of MFDA from the legacy courses it subsumed (Phase 1) and 
identification of those course features and self-reported student behaviors most strongly linked to deep 
learning and durable, flexible retention (Phase 2). 
Methods:  For Phase 1, a retrospective review of 1,600 total official student course evaluations from the 
three-course legacy medicinal chemistry sequence and from the MFDA replacement course yielded five 
consistently polled dimensions rated on five-point Likert scales (quality of course organization, utility of 
in-class activities, representativeness of assessment content, degree of challenge to think deeply, and 
overall course rating). Mean ratings, standard deviations, and unpaired t-tests of significance (alpha set 
at 0.05) were calculated for each dimension. For Phase 2, actual or reported time spent watching MFDA 
video lectures, time spent on various study activities (watch-summarize-question analyses, practicing 
retrieval, writing summaries, creating media, teaching self, or teaching others), and time spent in 
various study modes (massed, distributed, blocked, interleaved, the sum of massed and blocked, or the 
sum of distributed and interleaved) were correlated with performance on select assessments (mini 
exam, midterm exam, final exam, overall course, and capstone grades) via linear regression with r 
squared. 
Results:  In Phase 1, MFDA was rated significantly higher than the medicinal chemistry legacy courses in 
aggregate on three of the five dimensions examined (utility of activities, p of 0.01; representativeness of 
assessments, p of 0.008; and degree of challenge, p less than 0.001). In Phase 2, actual watch time 
determined by the video software was a better positive predictor of overall course grade than student-
reported watch time. As expected, due to intentional constructive alignment, grades from the mini 
exams, midterm exam, final exam, overall course, and capstone grades were all positively correlated. 
Practicing retrieval, creating media, and teaching others were more often positively correlated with 
performance than were other activities. Also, massed study and blocked study modes provided almost 
no benefit to performance, while distributed and interleaved study modes proved to be positively 
correlated with performance. Finally, students who performed at the top of the class in MFDA (i.e. 
earned As) reported spending nearly twice as much time on each of the most beneficial study activities 
and modes than those who performed at the bottom of the class (i.e. earned Cs and Fs). 
Conclusion:  The Molecular Foundations of Drug Action course purposefully incorporated clinical 
application activities, assured representativeness of assessment items, and encouraged deep thinking, 
which were all seen to have positive effects on course evaluation. MFDA also provided instruction in 
evidence-based study techniques. Where applied by students, activities supported by educational 
literature were more often associated with higher performance on proximal, medial, and distal 
assessments of learning and retention. Future iterations of the course ought to structurally recruit the 
benefits of retrieval practice, creating concept maps, teaching others to solidify one’s own learning, and 
of distributed or interleaved study for better student outcomes.  
Introduction 
In 2015, the UNC Eshelman School of Pharmacy (ESOP) at the University of North Carolina launched its 
transformed doctor of pharmacy (PharmD) curriculum, which emphasizes earlier and more frequent 
immersive clinical experiences alongside enriched, incrementally progressive, and recursive course 
sequences taught by interdisciplinary teams of instructors who guide students through exercises 
designed to challenge their critical-thinking, problem-solving, teamwork, and communication skills.1 The 
cornerstone of the first-year (PY1) fall semester in this new curriculum is a course entitled PHCY 503: 
Molecular Foundations of Drug Action (MFDA), built on the groundwork laid down in PHCY 423: 
Medicinal Chemistry I, PHCY 424: Medicinal Chemistry II, and PHCY 425: Medicinal Chemistry III. Figure 1 
illustrates the curricular reorganization that resulted in MFDA subsuming those three legacy courses. 
MFDA is a core requirement, considered pre-requisite for future clinical pharmacology and 
pharmacotherapy course work. Embodying the goals of the curricular transformation at ESOP, MFDA 
delivers integrated pharmaceutical science and clinical application activities according to a flipped-
classroom model. Under this model, illustrated by Figure 2, pre-class preparation consists of watching 
online video lectures, completing a short, multiple-choice assessment with a percent correct of 80% or 
higher, summarizing the lesson in 5-10 sentences, and entering an original question about the topic. In 
turn, in-class time is spent on concept clarification and elaboration, discussion activities, and solving 
drug selection problems using pharmacologic principles in clinical scenarios. The content of the video 
lectures in particular is meant to map to learning objectives for understanding how a drug works, as 
presented in Table 1. Self-directed learning outside the classroom and higher order thinking, processing, 
and application inside the classroom are meant to produce deep learning and durable, flexible 
retention.1,2 
Medicinal chemistry and molecular pharmacology are components of nearly all professional pharmacy 
curricula.3 Courses within these basic pharmaceutical sciences commonly employ a didactic pedagogy 
focusing on discrete, discipline-specific content while underemphasizing the clinical applications of the 
concepts taught.4 Consequently, faculty and program administrators are sometimes seen as struggling 
to reiterate the relevance of these subject areas in the face of ever-expanding clinical roles for 
pharmacist practitioners beyond traditional dispensing and compounding functions.5,6 Curricular 
restructuring and integration within and between disciplines appears to be a successful strategy for 
overcoming this seeming inconsequence.6-8 A review of the websites of ESOP’s AACP-determined9 
comparator schools showed that several have followed that route, with approximately 50% of the 
programs currently having, developing, or implementing an integrated medicinal chemistry and 
molecular pharmacology course. 
The design of MFDA borrows from similar innovator programs and seeks to unite the best features of 
each. The hallmark model for teaching clinically relevant medicinal chemistry is Structurally-Based 
Therapeutic Evaluation (SBTE), a process for learning chemical structures and applying that knowledge 
to prediction of clinical outcomes, developed by Alsharif and colleagues.3,5,10 As with SBTE, students in 
MFDA proceed through knowledge acquisition, analysis of a clinical situation, and application of 
medicinal chemistry or molecular pharmacology concepts to that situation. Scientific Foundations of 
Drug Action, a course developed by Henriksen and Roche, includes instruction in fundamental science 
topics prior to instruction in Medicinal Chemistry as well as engagement of clinical instructors in course 
design decisions and in-class activities.11 MFDA relies on problem-based, case-based, team-based, and 
ability-based learning methods when having students tackle clinical conundrums.2,12 Atop all these is the 
overarching structure of the active-learning flipped classroom, which is intended to foster engagement, 
learner responsibility and autonomy, and improved performance through off-loaded pre-class material, 
structured in-class practice, and representative assessment activities.13-16 
Efforts to evaluate and improve components of the PharmD program at ESOP are an ongoing part of its 
curricular transformation. As such, the two objectives of this study were the differentiation of MFDA 
from its three predecessor legacy medicinal chemistry courses (Phase 1) and the identification of MFDA 
course features and student studying behaviors most strongly linked to improved learning and retention 
(Phase 2). Ultimately, the aim of this research is to evaluate the success of the MFDA course at 
intentionally incorporating and encouraging high-quality, high-return strategies and activities for 
increasing student performance. The lessons learned from implementation of MFDA could then be 
applied to future course design decisions both locally at ESOP and farther afield, thereby potentially 
impacting pharmacy education and practice on a global scale. 
Methods 
Phase 1: Course differentiation and identification of outstanding features 
Study Design 
In order to determine whether the transformed course of interest—PHCY 503: Molecular Foundations of 
Drug Action (MFDA)—differed significantly from its subsumed predecessor legacy courses—PHCY 423: 
Medicinal Chemistry I, PHCY 424: Medicinal Chemistry II, and PHCY 425: Medicinal Chemistry III 
(collectively referred to as the MedChem sequence), we undertook a retrospective analysis of official 
student-provided course evaluations. A sample of 1,600 total completed evaluations were obtained 
from the Office of Strategic Planning and Assessment at the UNC Eshelman School of Pharmacy, 
including 1,361 evaluations collected between 2012 and 2016 from students in the MedChem sequence 
and 239 evaluations collected between 2015 and 2017 from students in MFDA. These evaluations 
comprised part of a readily available, de-identified data set collected under appropriate permissions. 
Consequently, IRB approval was not sought for analysis of this data subset. 
Outcomes 
Of interest for the Phase 1 analysis were the students’ mean ratings of the MedChem and MFDA courses 
on similarly-worded evaluation items across five consistently polled dimensions (see Table 2), found to 
be suitable for comparison within and between the courses and years represented after brief textual 
analysis. These five dimensions in common included quality of course organization, utility of in-class 
activities, representativeness of assessment content, degree of challenge to think deeply about the 
material, and overall rating for the course. Each of the dimensions was rated on a 5-point Likert-type 
scale (graded valences from most negative at 1 to most positive at 5) with some minor differences in 
descriptive wording between items and scales determined not to adversely impact comparison. 
Analyses 
For purposes of the Phase 1 analysis, Likert-type ratings on the course evaluation items of interest were 
considered to be continuous numerical variables so that mean rating and standard deviation on each of 
the five aforementioned dimensions could be computed, first for each course by year, second for each 
course overall, and third for each type of course (MedChem or MFDA) in aggregate. The latter statistics 
were then compared using five independent t-tests, one for each dimension, with an alpha of 0.05 
(uncorrected for multiple comparisons) determining significant differences. Limitations to our statistical 
power included a 68% average response rate to the course evaluations by students and missing data in 
2015 when the overall rating dimension was not polled among the MFDA students for an unknown 
reason. Phase 1 statistical analyses were performed using GraphPad Prism v7.04. 
Phase 2: Correlation of study behaviors with improved learning and retention 
Study Design 
Phase 2 of our study was focused on determining how recommended and required MFDA study 
activities corelated with student learning and retention of the course material as determined by 
performance on a range of assessments. An “exam wrapper” student questionnaire was designed based 
on published principles for such activities (for an example, see Appendix A).17,18 Students were asked to 
estimate the total amount of time that they studied for a given mini exam (see Appendix A, question 1), 
to attribute their study time to one or more of up to 18 activities (question 2), and to attribute their 
study time to different study modes (questions 3 and 4). Three such exam wrappers were administered 
during the Fall 2017 section of MFDA, and students estimated time spent prior to each of the three 
selected MFDA mini exams. Completion was voluntary, but encouraged through coupling the 
questionnaires with the opportunity to receive half credit back on incorrectly-answered exam questions 
if accompanied by an explanation of the correct answers. Responses were supplemented with 
assessment grades and actual non-redundant watch times for the preparatory video lectures as 
measured by embedded Warpwire software to create the pool of data for analysis. Unique numerical 
identifiers were used in place of FERPA-protected student identifiers throughout the analyses. IRB 
exemption was sought and granted given the educational nature of the study and the limited risks of 
participation or disclosure to students. 
Outcomes 
Of interest for the Phase 2 analyses were the students’ software-reported actual watch time (AWT) and 
self-reported watch time (RWT) for the video lectures; the student-reported time spent on the summary 
and question components of the WSQ approach (SQ), practicing retrieval (PR), writing note summaries 
(NS), creating media (CM), teaching self (TS), or teaching others (TO); the student-reported time spent in 
massed (M), distributed (D), blocked (B), or interleaved (I) study modes; student-reported total study 
time (TST); and percentage grades achieved on select assessments, including three of seven mini exams 
(MINI1, MINI3, and MINI7), the midterm exam (MEG), the final exam (FEG), and the capstone (CG), as 
well as the overall course grade (OCG). Figure 3 represents the time-course of the assessments for 
reference. 
Analyses 
The analyses of the data obtained from Phase 2 of the study are grouped into three general categories 
explained in turn below: watch time analysis, study activity and mode analyses, and performance-based 
analyses. Phase 2 statistical analyses, including all correlations via simple linear regression with r 
squared, were performed using Microsoft Excel 2016. 
For the watch time analysis, software-determined watch time in minutes for video lectures associated 
with each of three mini exams, MINI1 (video sessions 1-4), MINI3 (video sessions 8, 9, 10.1, 10.2, and 
11), and MINI7 (video sessions 26-31), were summed to yield actual watch times (AWT). No Warpwire 
data was available for video sessions 8 and 10.1, so actual watch times for the MINI3 period were 
multiplied by 1.4 (adding two-fifths to the total from the other video sessions) to simulate the missing 
data. Reported watch times (RWT) were drawn from the student questionnaires for purpose of 
comparison and assessment of student reporting accuracy. AWT and RWT values for each student for 
each mini exam period were then correlated with performance on the relevant mini exam and the 
overall course grade (OCG). 
For the study activity and modes analyses, student-reported time in minutes spent doing any or all of six 
recommended active-learning study activities (SQ, PR, NS, CM, TS, and TO) or in certain modes of study 
(M, B, D, or I) over each period reflected by the questionnaires were first analyzed as a percent of the 
total study time for each mini exam and then summed to give a total amount of time spent in each 
activity or mode – either immediately preceding the corresponding mini exam or over the entire 
semester. Specifically for the study modes, sums of the time spent in either massed or blocked (M+B) 
and distributed or interleaved (D+I) modes were also evaluated in an effort to reduce the noise 
generated by students’ incomplete understanding of the differences between these pairs of closely 
related modes. The total time spent by students in each activity or mode were then correlated with final 
exam (FEG), overall course (OCG), and capstone (CG) grades. 
For the performance-based analyses, total student-reported study time (TST), a sum of the student-
reported study times from each of the three mini exam periods examined, was correlated with the FEG, 
OCG, and CG assessments. The grades from each major assessment (i.e. non-mini exams: MEG, FEG, 
OCG, and CG) were also compared with each other. Finally, an analysis of total study time and time 
spent in each study activity and mode were compared between students earning a 90% or better as 
their final grade (i.e. the A students) and those for students earning less than an 80% as their final grade 
(i.e. the C and F students) and an A:C ratio established for each. 
Results 
Phase 1: Course differentiation and identification of outstanding features 
Mean ratings (out of 5, with 5 representing the highest positive rating) on each of the five dimensions of 
comparison, standard deviations in these ratings, and the number of student ratings used to compute 
the mean ratings for the MedChem sequence and Molecular Foundations of Drug Action (MFDA) 
courses by year are summarized in Table 3. After further consolidation of the ratings into aggregates by 
course type, the weighted mean ratings for the MedChem sequence and MFDA respectively were 
calculated for each dimension as follows: 4.31 vs 4.52 on quality of course organization, 4.18 vs 4.49 on 
utility of in-class activities, 4.23 vs 4.62 on representativeness of assessment content, 4.22 vs 4.82 on 
degree of challenge to think deeply about the material, and 3.98 vs 4.13 on overall rating for the course. 
On each dimension, differences in mean rating favored MFDA, but only three of these were determined 
to be statistically significant based on the results of the multiple independent t-tests. Figure 4 provides a 
graphical illustration of the results of those analyses. Utility of in-class activities (p = 0.01), 
representativeness of assessment content (p = 0.008), and degree of challenge to think deeply (p < 
0.001) were the dimensions rated significantly higher for MFDA than for the MedChem sequence. 
Phase 2: Correlation of study behaviors with improved learning and retention 
Watch time analysis included a comparison of actual watch times (AWT) to reported watch times (RWT) 
that revealed a tendency of students to consistently overestimate the amount of time they spent 
watching preparatory video lectures (Figure 5), with many students not watching, incompletely 
watching, or belatedly watching them. Though watch time in general was not strongly correlated with 
performance, AWT proved to be a slightly better positive predictor of both associated mini exam and 
overall course grade than was RWT. See Table 4 for a summary of the slope and r squared results of this 
analysis. 
An analysis of the percent of total study time spent in each of 17 possible study activities (see Table 5 
for activities) prior to mini exams 1, 3, and 7 revealed consistency in student behavior over time (Figure 
6). The students’ reported total study time didn’t change much from one mini exam to another. The 
total study time was reported to be around 2.5 hours per class session. The overwhelming activity was 
watching pre-class videos, which accounted for about 30 minutes out of the 2.5 hours spent per class 
session. The distribution of student time among the various study activities did not vary substantially. 
An analysis of the percent of total study time spent in each of four different study modes prior to mini 
exams 1, 3, and 7 revealed some notable changes (Figure 7). On average, students reported an increase 
in time engaged in massed practice over the semester, and a concomitant decrease in time engaged in 
interleaved or distributed practice. 
Study activity analysis revealed the most positive and strongest correlations with performance on the 
final exam (FEG), overall course grade (OCG), and capstone (CG) assessments were had with the 
practicing retrieval (PR), creating media (CM), and teaching others (TO) activities. This is evident in 
Figure 8 where the higher bars are more often associated with the PR and CM activities, with a late 
showing by TO in relation to the capstone and more distal retention. By comparison, completing SQ 
activities and teaching concepts to oneself (TS) showed little relationship with performance; writing 
summaries was even negatively correlated with some assessment grades. Study mode analysis and 
Figure 9 similarly reveal the superior correlation positivity and strength of distributed (D) and 
interleaved (I) study modes (namely with their sum, D+I) versus massed (M) and blocked (B) modes (and 
their sum, M+B, as well). 
The performance-based analysis of total study time (TST) in relation to FEG, OCG, and CG grades is 
shown by Figure 10. TST is most positively and most strongly correlated with final exam performance, 
though there is still a relatively strong if less positive relationship with overall course grade and less still 
of one with capstone grade. Figure 11 makes clear the interrelatedness of the assessments, with 
midterm exam (MEG), final exam (FEG), overall course (OCG), and capstone grades all being moderately 
and positively correlated as is to be expected given the continuity of material and concepts that MFDA 
strove to achieve. MEG performance was positively correlated with FEG, OCG, and CG. FEG and OCG had 
the strongest positive correlation of all analyses. FEG and OCG were also moderately positively 
correlated with CG. 
Figure 12 and Figure 13 illustrate the breakdown of average time spent, per student who earned either 
an A (90% or better) or a C or below (less than 80%), in each of the study activities and study modes 
examined. Although A students generally spent nearly 25% more time studying as C or below student 
overall, they spent nearer 40% more time in the more beneficial activities and modes versus an equal or 
slightly less amount of time in the less beneficial ones. 
Table 6 provides an at-a-glance summary of select comparisons made during analyses of Phase 2 data. 
Of note, though these analyses do not allow for statistical determination of a causal relationship 
between study activities or modes and assessment performance, studying in any fashion having been 
undertaken before the associated assessments makes the inference of causation an easier, if not strictly 
supported, leap simply because of the time-restricted order of occurrence. 
Discussion 
Phase 1: Course differentiation and identification of outstanding features 
Our objective to differentiate Molecular Foundations of Drug Action (MFDA) from its predecessor 
MedChem sequence courses was fulfilled by the findings of Phase 1 of this study: three of five 
dimensions of comparison showed a significant difference between the two course types, all of which 
favored MFDA with higher, more positive ratings on student evaluations. Utility of in-class activities, 
representativeness of assessment content, and degree of challenge to think deeply about the material 
were the standout dimensions, but course organization and overall rating appear to be more highly 
rated as well, though not significantly, and this may be in part due to the influence of some limiting 
aspects of the study design as much as by true lack of differentiation. 
Strengths and Limitations 
Because MFDA was intentionally designed to be different in its structure, including in its organization, 
activities, assessments, and challenge, it is encouraging and validating that students responded well to 
the progressive transformation. That the overall ratings of the courses were not found to differ in a 
statistically significant way might be due to the influence of missing data and subsequently decreased 
power to determine significance on that dimension. It may also be due to confounding effects of 
perceived course difficulty (which itself may be related to the increased rating of degree of challenge), 
of place in the curriculum (which influences what comparator classes have been experienced by 
students), and of variation in student characteristics and response rate between legacy and new 
curriculum cohorts (which is a drawback of a retrospective review of extant data from non-randomized 
sampling). Though not as robust a comparison as would have been possible if students experienced both 
“treatment conditions,” the ability to compare the MedChem sequence against MFDA on the five 
identified dimensions longitudinally provides some semblance of a “control” versus “intervention” 
evaluation that forms the major strength of this study over similar efforts at characterization and 
differentiation of transformed courses at other institutions. 
Phase 2: Correlation of study behaviors with improved learning and retention 
Our objective to relate student study behaviors within Molecular Foundations of Drug Action (MFDA) 
with improved learning and retention as measured by performance on assessments at varying points 
throughout the course and beyond was accomplished with the findings from Phase 2 of this study. 
Actual watch time (AWT) versus reported watch time (RWT) for observing preparatory video lectures; 
time spent in practicing retrieval (PR), creating media (CM), and teaching others (TO) study activities; as 
well as time spent in distributed (D) or interleaved (I) study modes were found to be better correlates of 
student performance. Continuity of concepts across MFDA assessments was confirmed by high but not 
complete correlation between mini exam (MINIs), midterm exam (MEG), final exam (FEG), overall course 
(OCG), and capstone (CG) grades. This finding harkens back to and may partially explain or illustrate the 
Phase 1 rating of MFDA as superior to MedChem sequence courses in relation to representativeness of 
assessment content. Total study time (TST) seemed to show durably strong if diminishingly positive 
relationships to performance on increasingly distal assessments, suggesting that learning and retention 
were at least partially related to the amount of effort put into early concept understanding. This is an 
intuitive result. That the A students spent more time studying in general is likewise unsurprising, but 
that they spent a greater percentage of their studying in activities and modes most highly correlated 
with performance suggests that TST is perhaps less important to learning and retention than studying in 
efficient and productive ways. 
Strengths and Limitations 
As was the case with Phase 1, Phase 2 analyses were hampered by limitations to interpretability and 
generalizability stemming from missing data and the heavy reliance on student-self-report. Students’ 
ability to accurately assess their own time use as well as the self-selection bias introduced by students 
choosing not to respond to certain or all of the questionnaires call into question the magnitude and 
strength of the relationships extrapolated from this data. The size of the correlations, while generally in 
keeping with those found in educational research, are far smaller than what might otherwise have been 
expected as a consequence of these limitations. One possible reason for the wide variability in actual 
and reported watch times was that the study activity and study mode questionnaire did not ask for 
simple watch time, but for time spent watching, re-watching, and taking notes on the videos. This 
language may account for the fact that AWTs and RWTs were so vastly different. The chief strength of 
the Phase 2 analyses was in the longitudinal measurement of both student time use and student 
performance. This arrangement better captured dynamic changes in study habits and gave a clearer 
picture of how learning, and particularly how retention, played out over time. 
Future Directions 
Given the unique strengths and limitations of this study, further research is needed to confirm, develop, 
and generalize our findings if the ultimate goal of discovering innovative answers to educational 
challenges in doctoral pharmacy courses, medicinal chemistry and molecular pharmacology courses, and 
beyond. The immediate impact of our study can be to alter future course and faculty development with 
an eye toward encouraging those course features, study activities, and study modes that are most likely 
to improve student learning and retention as measured by assessment performance. It is our continued 
aim to tease out what benefits are conferred by Molecular Foundations of Drug Action (MFDA) over 
traditional MedChem sequence courses, to pinpoint which elements confer those benefits, and how 
those elements may be expanded upon or translated into other courses to best deliver knowledge to 
students in such a way as to encourage the desired resiliency, transferability, and clinical applicability of 
that knowledge in future coursework and practice. 
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Figures and Tables 
Figure 1. Flow Chart of Course Reorganization 
 
PHCY 421 and 422 = Biochemistry I and II; PHCY 423, 424, and 425 = Medicinal Chemistry I, II, and III; PHCY 503 = Molecular 
Foundations of Drug Action. The transformed PharmD curriculum debuted at the UNC Eshelman School of Pharmacy in 2015. 
  
Figure 2. The Flipped Classroom Model 
 
In the flipped courses like MFDA, lecturing is offloaded to pre-class preparation time via video recordings and accompanying 
WSQ-type linked exercises, including watching the video (W), summarizing the important topics (S), and forming questions (Q) 
that spur discussion and clarification. In-class time is spent on concept clarification, problem-solving, and discussion activities. 
  
Table 1: Study Questions Associated with a Primary Learning Outcome for PHCY 503: Molecular 
Foundations of Drug Action 
 
The course has six ability-based learning outcomes, the primary one of which is that students who successfully complete the 
course are expected to be able to explain how each covered drugs work. The study questions listed in the table elucidate the 
knowledge necessary for a student to explain how a drug works. 
  
What is the name (generic and brand) of the drug?
What is the structure of the drug?
How does the specific structure of the drug relate to other members of its class?
Note that your answer will address elementary medicinal chemistry such as structure-activity relationships and the scaffold (or “pharmacophore”).
What is the (major/primary) disease that the drug is used to treat?
What is the pathophysiology of the disease state that is influenced by the drug’s action?
What is the target?
What is the basic structure of the molecular target(s)?
What is the target’s primary location(s) in the body?
What is (are) the target’s role(s) in normal physiology?
Note that your answer will include molecular (biochemical) mechanisms.
The drug's binding profile… What is the basis for the drug’s selectivity (i.e., why does the drug only bind to and/or effect the desired target(s))?
What are the effects of drug binding at the molecular (target) level?
What are the effects of drug binding at the cellular level (primary location(s) in body)?
What are the effects of drug binding at the physiological level (organ, tissue, system; primary location(s) in body)?
What important compensatory effect(s) (e.g., indirect effects, delayed response, sensitization, tolerance, or resistance) accompany the drug's action?
How do the important compensatory effect(s) recapitulate the drug's mechanism of action.
What is the basis for the drug’s selective action on the target in the microbe or cancer cell and not the host’s normal cells?
What is the basis for the drug’s spectrum of action (e.g., broad or narrow)?
The drug…
The disease state…
The drug’s target…
The drug's effects…
If it’s an infectious disease 
or cancer drug:
Table 2: Five Dimensions for Comparison of Courses 
 
  
Shorthand Representative Wording and Scoring of Evaluation Items
The course was well organized. (1 = Strongly Disagree, 2 = Disagree, 3 = Neither Disagree Nor 
Agree, 4 = Agree, 5= Strongly Agree)
The course was well organized. (1 = Never,  2 = Rarely, 3 = Sometimes, 4 = Usually, 5 = Always)
The course activities (e.g. in-class exercises, assignments) helped me better understand and apply 
the course material. (1 = Strongly Disagree, 2 = Disagree, 3 = Neither Disagree Nor Agree, 4 = 
Agree, 5= Strongly Agree)
The in-class activities/exercises contributed to my  learning. (1 = Never,  2 = Rarely, 3 = 
Sometimes, 4 = Usually, 5 = Always)
The examinations gave me an opportunity to demonstrate what I had learned in the course. (1 = 
Strongly Disagree, 2 = Disagree, 3 = Neither Disagree Nor Agree, 4 = Agree, 5= Strongly Agree)
The assessments were clearly connected to the course outcomes. (1 = Never,  2 = Rarely, 3 = 
Sometimes, 4 = Usually, 5 = Always)
Overall, this course challenged me to think deeply about the subject matter. (1 = Strongly 
Disagree, 2 = Disagree, 3 = Neither Disagree Nor Agree, 4 = Agree, 5= Strongly Agree)
This course challenged me to think deeply about the subject matter. (1 = Never,  2 = Rarely, 3 = 
Sometimes, 4 = Usually, 5 = Always)
Overall Please indicate your overall rating of this course. (1 = Poor, 2 = Fair, 3 = Good, 4 = Very Good, 5 = 
Excellent)
Activities
Organization
Assessments
Challenge
Figure 3. Time Course of Learning Assessments in MFDA 
 
MFDA = Molecular Foundations of Drug Action, MINI # = mini exam (one of seven, includes material from immediately prior 
lecture sessions), MEG = midterm exam, FEG = final exam, OCG = overall course grade, CG = capstone. Unflagged circles on the 
line also represent mini exams, but ones that were not accompanied by the study habits exam wrapper questionnaire. 
  
Table 3. Descriptive Statistics by Question Dimension by Course and Year 
 
Mean rating on a 5-point Likert scale with five being the most positive rating, standard deviation (SD), and number of 
respondents (N) for each of the five question dimensions by course number and year. * Denotes missing data. 
  
Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N
PHCY 423-2012 4.62 0.54 103 4.29 0.71 87 4.30 0.79 102 4.37 0.72 102 4.37 0.73 101
PHCY 423-2013 4.27 0.64 168 4.31 0.79 131 4.41 0.74 169 4.09 0.69 166 3.93 0.78 166
PHCY 423-2014 4.36 0.65 140 4.13 0.87 120 4.16 0.84 140 4.13 0.74 140 3.81 0.89 140
PHCY 423-2015 4.36 0.78 39 3.97 1.13 33 4.34 1.10 38 4.31 0.77 39 3.87 1.06 39
PHCY 424-2013 4.27 0.87 63 4.14 0.94 49 3.86 1.06 63 4.16 0.90 63 3.79 1.04 62
PHCY 424-2014 4.47 0.71 131 4.27 0.90 102 4.25 0.91 130 4.31 0.81 128 4.21 0.86 130
PHCY 424-2015 4.43 0.75 116 4.39 0.79 112 4.18 0.92 115 4.34 0.76 117 4.14 0.89 117
PHCY 424-2016 4.32 0.82 77 4.15 0.89 68 4.53 0.70 77 4.25 0.67 77 4.12 0.85 76
PHCY 425-2012 4.51 0.65 71 4.50 0.54 58 4.54 0.67 74 4.40 0.64 73 4.24 0.76 74
PHCY 425-2013 4.21 0.69 144 4.16 0.79 122 4.23 0.77 147 4.23 0.64 146 3.92 0.79 145
PHCY 425-2014 3.96 0.95 103 3.95 1.10 101 3.92 1.07 106 4.14 0.91 104 3.77 1.03 104
PHCY 425-2015 4.30 0.67 109 4.16 0.99 100 4.18 0.90 107 4.21 0.79 108 3.90 0.94 107
PHCY 425-2016 4.00 0.87 93 3.87 0.97 92 4.05 0.81 93 3.88 0.93 93 3.61 0.86 93
PHCY 503-2015 4.65 0.54 68 4.50 0.59 68 4.51 0.56 68 4.68 0.61 68 * * *
PHCY 503-2016 4.43 0.72 92 4.36 0.70 92 4.59 0.63 92 4.85 0.42 92 4.01 0.79 92
PHCY 503-2017 4.48 0.60 79 4.62 0.58 79 4.75 0.52 79 4.92 0.27 79 4.24 0.72 79
Challenge OverallOrganization Activities Assessments
Figure 4: Ratings by Question Dimension by Course Type 
 
Each colored dot represents one of the mean ratings from Table 3. The strong horizontal lines represent the mean of these 
mean ratings by course type. The error bars represent standard deviation from those means. MedChem represents an 
aggregate of PHCY 423-425 ratings. MFDA = Molecular Foundations of Drug Action (PHCY 503). * = (p = 0.01), † = (p = 0.008), ‡ = 
(p < 0.001). 
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Figure 5: Reported Watch Time (RWT) versus Actual Watch Time (AWT) 
 
Students were most likely to overestimate their actual watch time (AWT). The colored-line represents the 1:1 correspondence 
between actual (AWT) and reported watch time (RWT) that would represent a perfect estimation. 
  
Table 4: Actual versus Reported Watch Times as Performance Predictors 
 
AWT# =  actual watch time for associated mini exam period, RWT# = reported watch time for associate mini exam period, MINI 
# = mini exam (one of seven), OCG = overall course grade, X represents nonsensical comparison. 
  
Slope AWT1 AWT3 AWT7 RWT1 RWT3 RWT7
MINI1 0.0094 X X 0.0006 X X
MINI3 X 0.0171 X X -0.0098 X
MINI7 X X 0.0270 X X 0.0024
OCG X X 0.0105 0.0112 0.0161 0.0005
rSquared AWT1 AWT3 AWT7 RWT1 RWT3 RWT7
MINI1 0.0008 X X 0.0001 X X
MINI3 X 0.0077 X X 0.0291 X
MINI7 X X 0.0444 X X 0.0029
OCG 0.0017 0.0055 0.0299 0.0002 0.0033 0.0018
Table 5. Student Study Activities from Exam Wrapper 
No. Study Activity Short name Abbreviation 
1 Watching pre-class videos for the first time (include any note-
taking time) 
reported watch 
time 
RWT 
2 Reading textbooks or other sources for the first time (include 
any note-taking time) 
— — 
3 Taking the pre-class quizzes — — 
4 Completing the Summary & Question components of the WSQ 
preparation approach 
study-question SQ 
5 Re-watching the pre-class videos — — 
6 Re-reading textbooks or other sources — — 
7 Reviewing the pre-class quizzes — — 
8 Re-watching the in-class recordings (include any note-taking 
time) 
— — 
9 Re-reading your notes from in-class sessions — — 
10 Reviewing in-class cases and problems and their solutions — — 
11 Practicing retrieval with feedback (e.g., using flashcards or 
practice tests) 
practicing retrieval PR 
12 Writing summaries of your notes note summary NS 
13 Creating charts, diagrams, or other mixed-media study guides 
that represent a “concept map” for a topic 
creating media CM 
14 Teaching facts and concepts to yourself teaching self TS 
15 Teaching facts and concepts to others (peer teaching) teaching others TO 
16 Discussion with Teaching Assistant(s) by email, after class, or 
during office hours 
— — 
17 Discussion with Instructor(s) by email, after class, or during 
office hours 
— — 
The activity number (No.) in column one corresponds to the enumerated activities in Question 2 of Appendix A. 
Figure 6: Percentage of Total Study Time Spent in Each Study Activity 
 
Study Activity Item numbers reflect the activities as denoted in Table 5.  
  
Figure 7: Percentage of Total Study Time Spent in Each Study Mode 
 
MINI# = mini exam period of interest 
  
Figure 8: Slope and r Squared for Study Activities 
 
 
SQ = summarize-question components of WSQ approach, PR = practice retrieval, NS = write note summaries, CM = create 
media, TS = teach self, TO = teach others, FEG = final exam grade, OCG = overall course grade, CG = capstone grade. 
  
Figure 9: Slope and r Squared for Study Modes 
 
 
M= massed, D = distributed, B = blocked, I = interleaved, M+B = sum of massed and blocked, D+I = sum or distributed and 
interleaved, FEG = final exam grade, OCG = overall course grade, CG = capstone grade. 
  
Figure 10: Slope and r Squared for Total Study Time 
 
 
TST = total study time, FEG = final exam grade, OCG = overall course grade, CG = capstone grade. 
  
Figure 11: Slope and r Squared for Assessments 
 
 
MEG = midterm exam grade, FEG = final exam grade, OCG = overall course grade, CG = capstone grade. 
Figure 12: Total Time Spent in Study Activities by Grade Set 
 
A = students earning 90% or better on overall course grade, C or Below = students earning less than 80% on overall course 
grade, SQ = summarize-question components of WSQ approach, PR = practice retrieval, NS = write note summaries, CM = 
create media, TS = teach self, TO = teach others. * = found to be more highly correlated with performance on assessments. 
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Figure 13: Total Time Spent in Study Modes by Grade Set 
 
A = students earning 90% or better on overall course grade, C or Below = students earning less than 80% on overall course 
grade, M = massed, B = blocked, D = distributed, I = interleaved. * = found to be more highly correlated with performance on 
assessments. 
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Table 6: Slope and r Squared for Select Comparisons 
 
AWT = actual watch time, RWT = reported watch time, MINI = mini exam, MEG = midterm exam grade, FEG = final exam grade, 
OCG = overall course grade, CG = capstone grade, SQ = summarize-question components of WSQ approach, PR = practice 
retrieval, NS = write note summaries, CM = create media, TS = teach self, TO = teach others, TST = total study time, M = massed, 
B = blocked, D = distributed, I = interleaved, M+B = sum of massed and blocked, D+I = sum of distributed and interleaved.  
Relationship Slope r Squared Relationship Slope r Squared
AWT1 x RWT1 1.6441 0.0691 TO x MINI1 0.0087 0.0022
AWT3 x RWT3 1.1008 0.1037 TO x MINI3 0.0099 0.0020
AWT7 x RWT7 0.9500 0.1128 TO x MINI7 0.0020 0.0000
AWT1 x MINI1 0.0094 0.0008 FEG x TST 0.0190 0.0303
AWT3 x MINI3 0.0171 0.0077 OCG x TST 0.0014 0.0270
AWT7 x MINI7 0.0270 0.0444 CG x TST 0.0020 0.0077
RWT1 x MINI1 0.0006 0.0001 FEG x WSQ 0.0014 0.0003
RWT3 x MINI3 (0.0098) 0.0291 FEG x PR 0.0152 0.0351
RWT7 x MINI7 0.0024 0.0029 FEG x WS 0.0032 0.0031
AWT1 x OCG 0.0105 0.0017 FEG x CM 0.0149 0.0238
AWT3 x OCG 0.0112 0.0055 FEG x TS 0.0013 0.0000
AWT7 x OCG 0.0161 0.0299 FEG x TO 0.0011 0.0003
RWT1 x OCG 0.0050 0.0002 OCG x WSQ 0.0002 0.0000
RWT3 x OCG (0.0026) 0.0033 OCG x PR 0.0089 0.0207
RWT7 x OCG 0.0014 0.0018 OCG x WS (0.0019) 0.0019
MINI1 x MEG 0.3468 0.1362 OCG x CM 0.0100 0.0184
MINI3 x MEG 0.4686 0.2284 OCG x TS 0.0012 0.0006
MINI7 x MEG 0.5125 0.3347 OCG x TO 0.0014 0.0002
MINI1 x FEG 0.3756 0.1408 CG x WSQ 0.0008 0.0000
MINI3 x FEG 0.5918 0.3210 CG x PR 0.0198 0.0138
MINI7 x FEG 0.6081 0.4145 CG x WS 0.0034 0.0008
MINI1 x OCG 0.4064 0.2941 CG x CM 0.0115 0.0033
MINI3 x OCG 0.5458 0.4872 CG x TS 0.0020 0.0002
MINI7 x OCG 0.5413 0.5854 CG x TO 0.0282 0.0108
FEG x MEG 0.7179 0.4541 FEG x M (0.0007) 0.0009
OCG x MEG 0.6234 0.6110 FEG x D 0.0047 0.0476
CG x MEG 1.1360 0.2758 FEG x B 0.0045 0.0217
OCG x FEG 0.6258 0.6987 FEG x I 0.0029 0.0046
CG x FEG 1.2228 0.3839 FEG x M+B 0.0010 0.0036
CG x OCG 1.6314 0.3506 FEG x D+I 0.0036 0.0426
WSQ x MINI1 0.0099 0.0029 OCG x M (0.0009) 0.0025
WSQ x MINI3 0.0137 0.0046 OCG x D 0.0038 0.0535
WSQ x MINI7 0.0480 0.0006 OCG x B 0.0027 0.0134
PR x MINI1 0.0124 0.0075 OCG x I 0.0027 0.0067
PR x MINI3 0.0048 0.0007 OCG x M+B 0.0004 0.0007
PR x MINI7 0.0037 0.0006 OCG x D+I 0.0030 0.0498
WS x MINI1 0.0199 0.0369 CG x M (0.0021) 0.0018
WS x MINI3 (0.0130) 0.0165 CG x D 0.0046 0.0104
WS x MINI7 (0.0145) 0.0194 CG x B 0.0460 0.0052
CM x MINI1 0.0199 0.0191 CG x I 0.0107 0.0135
CM x MINI3 0.0136 0.0135 CG x M+B 0.0003 0.0000
CM x MINI7 0.0067 0.0010 CG x D+I 0.0048 0.0171
TS x MINI1 0.0094 0.0085
TS x MINI3 (0.0085) 0.0063
TS x MINI7 0.0043 0.0008
Appendix A: Exam Wrapper Self-Report Questionnaire of Study Habits 
This activity is designed to give you a chance to reflect on your assessment performance and, more 
importantly, on the effectiveness of your learning and study strategies. Please answer the questions 
sincerely. Your responses will be collected to inform the instructional team regarding your experiences 
surrounding this assessment and how we can best support your learning.  
(1) Approximately how much time did you spend preparing for this exam? (Do include time spent 
preparing for class sessions but do NOT include time spent in class.) 
(2) What percentage of your test-preparation time was spent in each of the following activities? 
Please make sure the percentages add up to 100. (Do include time spent preparing for class 
sessions but do NOT include time spent in class.) 
1. Watching pre-class videos for the first time (include any note-taking time) 
2. Reading textbooks or other sources for the first time (include any note-taking time) 
3. Taking the pre-class quizzes 
4. Completing the Summary & Question components of the WSQ preparation approach 
5. Re-watching the pre-class videos 
6. Re-reading textbooks or other sources 
7. Reviewing the pre-class quizzes 
8. Re-watching the in-class recordings (include any note-taking time) 
9. Re-reading your notes from in-class sessions 
10. Reviewing in-class cases and problems and their solutions 
11. Practicing retrieval with feedback (e.g., using flashcards or practice tests) 
12. Writing summaries of your notes 
13. Creating charts, diagrams, or other mixed-media study guides that represent a “concept 
map” for a topic 
14. Teaching facts and concepts to yourself 
15. Teaching facts and concepts to others (peer teaching) 
16. Discussion with Teaching Assistant(s) by email, after class, or during office hours 
17. Discussion with Instructor(s) by email, after class, or during office hours 
18. Other (Please specify) 
(3) What percentage of your preparation for the test was done alone, and what percentage with 
one or more persons? Please make sure the percentages add up to 100. (Do include time spent 
preparing for class sessions but do NOT include time spent in class.) 
1. alone 
2. with others 
(4) What percentage of your preparation was spent in the following practice modes? Please make 
sure the percentages add up to 100. (Do include time spent preparing for class sessions but do 
NOT include time spent in class.) 
1. Massed practice (cramming) 
2. Distributed practice (some every day) 
3. Block practice (sticking with one topic or subject for long study periods) 
4. Interleaved practice (switching between topics or subjects at least once per hour) 
(5) Do you think that the problems on the assessment fairly reflected the topics covered in class?  
1. Yes 
2. No 
(6) Do you think that the challenge level of the problems on the assessment fairly reflected the 
challenge level of cases and problems covered in class?  
1. Yes 
2. No 
(7) Now that you have looked over your assessment, estimate the percentage of points you lost due 
to each of the following. Please make sure the percentages add up to 100. 
1. Overlooked key words in questions 
2. Misunderstood questions 
3. Thought-process error (didn’t know how to approach the question) 
4. Knowledge error (didn’t know or remember) 
5. Comprehension error (didn’t understand a concept) 
6. Higher-order error (had trouble applying or analyzing a concept) 
7. Other (Please specify) 
(8) Based on your responses to the previous questions, name at least three things you plan to do 
differently in preparing for the next assessment. For instance, will you just spend more time 
studying, change a specific learning or study strategy or try a new one (if so, name it), make 
terms and facts more automatic so they do not get in the way of the application, try to sharpen 
some other skill (if so, name it), or something else? Please be specific and illustrate with 
examples. 
(9) What can we do to help support your learning, studying, and preparation for the next 
assessment? 
(10) Optional:  Please provide any other constructive comments regarding your learning and study in 
this section of the course. 
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